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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve both discharge capacity and a 
charging-discharging cycle characteristic by composing positive 
electrode active material of a spinel type Li-Mn based compound oxide 
of a specific composition as a main component. 

SOLUTION: The composition of this compound oxide is represented by 
the formula, where 0.05<A<2.3, X+Y+Z=2, Y+Z=0.02-0.04, and the atom 
number ratio of Y to Z is 1:9-9:1, desirably A=1. Y+Z=0.05-0.15, and the 
atom number ratio Y:Z is 8.2-3:7. If Y+Z being larger than 0.4, an impurity 

layer other than a spinel phase is apt to be generated. The compound L i i M Tl x ISJ i * (j ©V 

oxide expressed by the formula is manufactured by heat-sintering a 

specified ratio of mixture of an oxide, a hydroxide, carbonate or nitrate 

composed of elements other than oxygen, at 500-1,000° C for 1-50 

hours in the atmosphere. Positive electrode active material may also be 

formed by using one or more kinds of compound oxide expressed by the 

formula, in combination with a small quantity of an Li-Mn compound 

oxide or an Li-Co compound oxide excluding the compound oxide 

expressed by the formula, if necessary. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The positive active material for lithium secondary batteries characterized by making into a principal 
component the spinel type Li-Mn system multiple oxide which has a general formula LiA Mnx Niy Gez 04 (the 
atomic ratio of 0.02 to 0.4, and Y and Z is 1:9-9:1 here for the total quantity of 0.05<=A<=2.3, X+Y+Z-2, and Y 
and Z). 

[Claim 2] the general formula in a claim 1 — setting — A — 1 -- it is — the total quantity of Y and Z — 0.05-0.15 — it 
is — moreover, the atomic ratio of Y and Z ~ 8(Y): — 2 (Z) - 3(Y): — the positive active material for lithium 
secondary batteries according to claim 1 which is 7 (Z) 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the positive active material for 
lithium secondary batteries which makes a principal component a spinel type Li-Mn system multiple oxide about 
the positive active material for lithium secondary batteries. 
[0002] 

[Description of the Prior Art] Generally the lithium secondary battery is attracting attention all the more because it 
is excellent in respect of electromotive force and the energy density, and various kinds of improvement researches 
for the purpose which develops a product with still higher practicality are made wholeheartedly in the field. 
Improvement research of a positive active material is also the one [ important ]. the multiple oxide (LiMe02 — ) of 
the conventional lithium as a positive active material, and a transition-metals element Instead of the new 9-10 group 
transition-metals element of a periodic table, as for Me, the spinel type Li-Mn multiple oxide (LiA Mn 204) from 
which much more high electromotive force is obtained is proposed recently. When the values of A are 0.05-0.5 in 
this multiple oxide and 4V class and the value of A are 0.5-1 .1, it is known that a 3 V class lithium secondary 
battery will be obtained. 

[0003] By the way, the rechargeable battery using this Li-Mn multiple oxide as a positive active material has a 
problem in a charge-and-discharge cycle property generally. That is, if the cycle of charge and discharge is 
performed, the service capacity of a cell will fall rapidly. In order to improve this problem, replacing a part of Mn 
by elements, such as Co, Cr, nickel, and Fe, is proposed. However, even if this proposal is effective for an 
improvement of the charge-and-discharge cycle property of a cell, the new problem to which the service capacity 
per unit weight of a positive active material falls sharply is caused. 
[0004] 

[Problem(s) to be Solved by the Invention] Carrying out a deer, this invention makes it a technical problem to 
propose a useful positive active material to manufacture of the lithium secondary battery excellent in both service 
capacity and the charge-and-discharge cycle property. 
[0005] 

[Means for Solving the Problem] The above-mentioned technical problem is solvable with the positive active 
material for the following lithium secondary batteries. 

(1) The positive active material for lithium secondary batteries characterized by making into a principal component 
the spinel type Li-Mn system multiple oxide which has a general formula LiA Mnx Niy Gez 04 (the atomic ratio of 
0.02 to 0.4, and Y and Z is 1:9-9:1 here for the total quantity of 0.05<=A<=2.3, X+Y+Z=2, and Y and Z). 

(2) the above (1) the general formula which can be set — setting — A — 1 — it is — the total quantity of Y and Z — 
0.05-0.15 - it is - moreover, the atomic ratio of Y and Z - 8(Y): - 2 (Z) - 3(Y): - the above (1) which is 7 (Z) 
Positive active material for the lithium secondary batteries of a publication. 

[0006] 

[Function] The above-mentioned technical problem is solvable by using what was replaced in the amount range of 
specification which is with nickel and germanium and describes above Mn of a spinel type Li-Mn system multiple 
oxide part as a positive active material. 
[0007] 

[Embodiments of the Invention] The spinel type Li-Mn system multiple oxide adopted by this invention has the 
following general formula (1). LiA Mnx Niy Gez 04 (1) 

(For the total quantity of 0.05<=A<=2.3, X+Y+Z=2, and Y and Z, the atomic ratio of 0.02 to 0.4, and Y and Z is 
1:9-9:1 here) . 

[0008] (1) In an adult case, in a formula, there is a problem to which service capacity falls from the case where A 
value is less than 0.05, or 2.3. If [ than 0.4 ] more [ there are few improvement effects of service capacity and a 
charge-and-discharge cycle property that the total quantity of Y and Z is less than 0.02 and ], it will become easy to 
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generate impurity phases other than a spinel phase, and service capacity will decrease. Therefore, as for the total 
quantity of Y and Z, it is desirable the range of 0.03-0.3 and that it is especially the range of 0.05-0.15. In the 
atomic ratio of Y and Z, to it of Z, the improvement effect of service capacity has few atomic numbers of Y as it is 
excessive, and on the other hand, the atomic number of the improvement effect of a charge-and-discharge cycle 
property of Y decreases as too little to it of Z. therefore, the atomic ratio of Y and Z — 8(Y): — 2 (Z) - 3(Y): — the 
range of 7 (Z) - especially - 7(Y): - 3 (Z) - 4(Y): - it is desirable that it is the range of 6 (Z) 
[0009] if a desirable spinel type Li-Mn system multiple oxide is illustrated — Li(MnL90nickel0.08germanium0.02) 
04, Li(Mnl .90nickel0.06germanium0.04) 04, and Li (Mnl .90nickelO.05germaniumO.05) - 04, Li 
(Mnl.92nickel0.06germanium0.02) 04, and Li(Mnl.92nickel0.05germanium0.03) 04 etc. - it is . 
[0010] Generally, the spinel type Li-Mn system multiple oxide shown by the general formula (1) can mix elements 
other than the oxygen which constitutes it, i.e., the oxide of Li, Mn, nickel, and germanium, a hydroxide, a 
carbonate, a nitrate, etc. so that the atomic ratio of each element may serve as a rate shown by (1) formula, and it 
can manufacture them by carrying out heating baking of the obtained mixture at 500-1000 degrees C in the 
atmosphere for 1-50 hours. For example, it is Li2 C03 considering electrolysis Mn02 (EMD) as a Li raw material 
as a Mn raw material. Considering LiOH-H2 O as a nickel raw material, it is nickel (OH)2. Moreover, using GeO 
respectively as a germanium raw material, subsequently, it can mix by the quantitative ratio of a request of those 
raw materials, and can manufacture by carrying out heating baking of the obtained mixture before and after 750 
degrees C for about 15 hours. Moreover, LiA Mn 204 of the conventional common knowledge It can manufacture 
also by carrying out heating baking of the mixture of the multiple oxide which replaced a part of Mn only with 
nickel, and germanium raw materials, such as GeO, at 500-1000 degrees C in the atmosphere for 1 to 50 hours. 
[001 1] The positive active material of this invention may consist of a kind of the spinel type Li-Mn system multiple 
oxide shown by the general formula (1), or two sorts or more. Various kinds of Li-Mn system multiple oxides other 
than the spinel type Li-Mn system multiple oxide shown by other positive active materials (1), for example, a 
general formula, if needed, You may use together with small quantity (for example, per [ 0.1 ] spinel type Li-Mn 
system multiple -oxide 100 weight section - 10 weight sections grade which are shown by the general formula (1)), 
such as a Li-Co system multiple oxide. 

[0012] The positive active material of this invention can use the conventional Li-Mn system multiple oxide by the 
same method as the method learned for fields made into a positive active material, such as a nonaqueous electrolyte 
lithium secondary battery and a solid electrolyte lithium secondary battery, from the former. Below, the example of 
some of the typical or desirable practical use method is explained. 

[0013] As a binder of a positive active material, polytetrafluoroethylene, poly vinylidene fluoride, polyethylene, and 
ethylene-propylene-diene system polymer etc. is illustrated, and various conductive graphites, conductive carbon 
black, etc. are illustrated as an electric conduction agent. 

[0014] The amount of the positive active material used is per [ 80 ] total quantity 100 weight section of a positive 
active material, a binder, and an electric conduction agent - 95 weight sections grade, and the amount of the binder 
used is per [ 1 ] positive-active-material 100 weight section - 10 weight sections grade, and the amount of the 
electric conduction agent used is per [ 3 ] positive-active-material 100 weight section - 15 weight sections grade. 
[0015] A positive-electrode sheet applies the mixed constituent which becomes one side or both sides of a positive- 
electrode charge collector from a positive active material, a binder, and an electric conduction agent, fully, after 
dryness, it can roll out and form and what has an about 50-200-micrometer positive-active-material layer especially 
about 20-500 micrometers in thickness to one side or both sides is illustrated. 

[0016] When an example desirable as a negative-electrode active material shared with the positive active material 
of this invention is given, it is graphites, such as a various kinds of natural-graphites and artificial graphites, for 
example, fibrous graphite, and scale-like graphite and a nodular graphite, and is polytetrafluoroethylene, poly 
vinylidene fluoride, polyethylene, and ethylene-propylene-diene system polymer etc. as the binder. The amount of 
the negative-electrode active material used is per [ 80 ] total quantity 100 weight Section - 96 weight sections grade 
of a negative-electrode active material and a binder. 

[0017] Especially especially as a positive-electrode charge collector, an about 30-150-micrometer expanded metal 
etc. is desirable about 25-300 micrometers in about 15-50-micrometer a foil and a fenestrate foil, and thickness 
about 10-100 micrometers in thickness of conductive metals, such as aluminum, an aluminium alloy, and titanium. 
Especially especially as a negative-electrode charge collector, an about 25-100-micrometer expanded metal etc. is 
desirable about 20-300 micrometers in about 8-50-micrometer a foil and a fenestrate foil, and thickness about 5-100 
micrometers in thickness of conductive metals, such as copper, nickel, silver, and SUS. 

[0018] As nonaqueous electrolyte, the electro lytic solution which dissolved salts in the organic solvent is illustrated. 
As these salts, LiC104, LiBF4, LiPF6, LiAsF6, LiAJC14, Li(CF3 S02)2 N, etc. are illustrated, and those kinds or 
two sorts or more of mixture is used. 

[0019] As an organic solvent, ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate, ethyl 
methyl carbonate, dimethyl sulfoxide, a sulfolane, gamma-butyrolactone, 1, 2 -dimethoxy ethane, N.N- 
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dimethylformamide, a tetrahydrofuran, 1, 3-dioxolane, 2-methyl tetrahydrofuran, diethylether, etc. are illustrated, 
and those kinds or two sorts or more of mixture is used. Moreover, 1. is suitable for the concentration of the above- 
mentioned salts in the electrolytic solution in about 0. 1 -3 mols /. 
[0020] 

[Example] Hereafter, while an example explains this invention to a detail further, the example of comparison is also 
given and the remarkable effect of this invention is shown. %, the section and a certain **, and all mean weight % 
and the weight section below. 

[0021] It is electrolysis Mn02 as an example lMn raw material. It is Li2 C03 as 78.2% and a Li raw material. 
17.45%, It is nickel (OH)2 as a nickel raw material. 0.84%, subsequently often mix those raw materials, using GeO 
as 3.51% and a germanium raw material, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground, respectively. Li(Mnl.90nickel0.08germanium0.02) 04 The positive active 
material of the impalpable powder which consists of a spinel type Li-Mn system multiple oxide which has a 
chemical formula was obtained. 

[0022] It is electrolysis Mn02 as an example 2Mn raw material. It is Li2 C03 as 78.2% and a Li raw material. 
17.49%, It is nickel (OH)2 as a nickel raw material. 1.68%, subsequently often mix those raw materials, using GeO 
as 2.63% and a germanium raw material, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground, respectively. Li(Mnl.90nickel0.06germanium0.04) 04 The positive active 
material of the impalpable powder which consists of a spinel type Li-Mn system multiple oxide which has a 
chemical formula was obtained. 

[0023] It is electrolysis Mn02 as an example 3Mn raw material. It is Li2 C03 as 78.22% and a Li raw material. 
17.49%, It is nickel (OH)2 as a nickel raw material. 2.1%, subsequently often mix those raw materials, using GeO 
as 2.19% and a germanium raw material, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground, respectively. Li(Mnl.90nickel0.05germanium0.05) 04 The positive active 
material of the impalpable powder which consists of a spinel type Li-Mn system multiple oxide which has a 
chemical formula was obtained. 

[0024] It is electrolysis Mn02 as an example of comparison lMn raw material. It is Li2 C03 as 78.14% and a Li 
raw material. 17.47%, Moreover, it is nickel (OH)2 as a nickel raw material. Use 4.39%, respectively and 
subsequently often mix those raw materials, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground. Li(Mnl.90nickel0.1) 04 The positive active material of the impalpable 
powder which consists of a spinel type Li-Mn system multiple oxide was obtained. 

[0025] Each positive active material (particle to which all passed the Tyler screen of 330 meshes) of examples 1-3 
and the example 1 of comparison was used, the positive-active-material 92 section, the acetylene black 3 section, 
the polyvinylidene-fluoride 5 section, and the N-methyl-2-pyrrolidone 70 section were mixed, and it considered as 
the slurry. This slurry is applied on an aluminum foil, and it dries, and is 20 mg/cm2. The positive-electrode sheet 
which has a positive active material was produced. Adhesion opposite of each positive-electrode sheet and Li foil 
which were obtained in this way is carried out through porosity polyethylene separator, and it is one mol [ per 11. 
(mixture a product ratio 1 :1) of mixed solvents ] LiPF6 of ethylene carbonate and ethyl methyl carbonate. The 
solution which comes to dissolve was used as the electrolytic solution, this was sunk in between the above- 
mentioned positive-electrode sheet and Li foil, and the sealing coin type lithium secondary battery was produced. 
[0026] The charge-and-discharge cycle examination was performed in the test method shown below about each 
lithium secondary battery. The result is shown in drawing 1 . In drawing 1 , 1-3 are the properties of each lithium 
secondary battery which used each positive active material of examples 1-3, respectively, and 4 is the property of 
the lithium secondary battery which used the positive active material of the example 1 of comparison. 
[0027] Charge-and-discharge cycle test method: Set at 20 degrees C and it is 2 an area of 1cm of a positive- 
electrode sheet. It charges for 5 hours under the constant current and the constant voltage of 4.3 V of 1mA of hits, 
and, subsequently is 2 an area of 1cm of a positive-electrode sheet. It is made to discharge until terminal voltage is 
set to 3 V under the constant current of 0.5mA of hits, and charge and discharge are stopped after this for 1 hour. 
They are repeated 20 times, using the above charge and discharge and a pause as 1 cycle. The service capacity in 
each cycle computes quantity of electricity (mA-H) from a discharge current value and a charging time value, and 
obtains service capacity (mA-H/g) from the weight (g) of the positive active material contained in the lithium 
secondary battery. 

[0028] As for drawing 1 , which lithium secondary battery which used each positive active material of examples 1-3 
shows maintaining big service capacity in 20 times of charge-and-discharge cycles as contrasted with the lithium 
secondary battery which used the positive active material of the example 1 of comparison. 
[0029] 

[Effect of the Invention] The positive active material of this invention shows high service capacity as compared 
with the positive active material which consists of the conventional Li-Mn system multiple oxide, and, moreover, is 
extremely excellent also in the charge-and-discharge cycle property. Therefore, the positive active material of this 
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invention is suitable for manufacture of the long lasting lithium secondary battery for various kinds of electrical 
machinery and apparatus division portables. 

[Translation done.] 
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TECHNICAL FIELD 



[The technical field to which invention belongs] Especially this invention relates to the positive active material for 
lithium secondary batteries which makes a principal component a spinel type Li-Mn system multiple oxide about 
the positive active material for lithium secondary batteries. 
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PRIOR ART 

[Description of the Prior Art] Generally the lithium secondary battery is attracting attention all the more because it 
is excellent in respect of electromotive force and the energy density, and various kinds of improvement researches 
for the purpose which develops a product with still higher practicality are made wholeheartedly in the field. 
Improvement research of a positive active material is also the one [ important ]. As a positive active material, 
instead of the multiple oxide (LiMe02 and Me are the new 9-10 group transition-metals element of a periodic table) 
of the conventional lithium and a transition-metals element, the spinel type Li-Mn multiple oxide (LiA Mn 204) 
from which much more high electromotive force is obtained is proposed recently, and set to this multiple oxide. 
When the values of A are 0.05-0.5 and 4V class and the value of A are 0.5-1.1, it is known that a 3 V class lithium 
secondary battery will be obtained. 

[0003] By the way, the rechargeable battery using this Li-Mn multiple oxide as a positive active material has a 
problem in a charge-and-discharge cycle property generally. That is, if the cycle of charge and discharge is 
performed, the service capacity of a cell will fall rapidly. In order to improve this problem, replacing a part of Mn 
by elements, such as Co, Cr, nickel, and Fe, is proposed. However, even if this proposal is effective for an 
improvement of the charge-and-discharge cycle property of a cell, the new problem to which the service capacity 
per unit weight of a positive active material falls sharply is caused. 

[Translation done.] 
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EFFECT OF THE INVENTION 

[Effect of the Invention] The positive active material of this invention shows high service capacity as compared 
with the positive active material which consists of the conventional Li-Mn system multiple oxide, and, moreover, is 
extremely excellent also in the charge-and-discharge cycle property. Therefore, the positive active material of this 
invention is suitable for manufacture of the long lasting lithium secondary battery for various kinds of electrical 
machinery and apparatus division portables. 

[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] Carrying out a deer, this invention makes it a technical problem to 
propose a useful positive active material to manufacture of the lithium secondary battery excellent in both service 
capacity and the charge-and-discharge cycle property. 

[Translation done.] 
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MEANS 

[Means for Solving the Problem] The above-mentioned technical problem is solvable with the positive active 
material for the following lithium secondary batteries. 

(1) The positive active material for lithium secondary batteries characterized by making into a principal component 
the spinel type Li-Mn system multiple oxide which has a general formula LiA Mnx Niy Gez 04 (the atomic ratio of 
0.02 to 0.4, and Y and Z is 1 :9-9:l here for the total quantity of 0.05<=A<=2.3, X+Y+Z=2, and Y and Z). 

(2) the above (1) the general formula which can be set — setting — A — 1 — it is — the total quantity of Y and Z ~ 
0.05-0.15 - it is - moreover, the atomic ratio of Y and Z - 8(Y): - 2 (Z) - 3(Y): - the above (1) which is 7 (Z) 
Positive active material for the lithium secondary batteries of a publication. 

[Translation done.] 
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OPERATION 



[Function] The above-mentioned technical problem is solvable by using what was replaced in the amount range of 
specification which is with nickel and germanium and describes above Mn of a spinel type Li-Mn system multiple 
oxide part as a positive active material. 
[0007] 

[Embodiments of the Invention] The spinel type Li-Mn system multiple oxide adopted by this invention has the 
following general formula (1). Li A Mnx Niy Gez 04 (1) 

(For the total quantity of 0.05<=A<=2.3, X+Y+Z=2, and Y and Z, the atomic ratio of 0.02 to 0.4, and Y and Z is 
1:9-9:1 here). 

[0008] (1) In an adult case, in a formula, there is a problem to which service capacity falls from the case where A 
value is less than 0.05, or 2.3. If [ than 0.4 ] more [ there are few improvement effects of service capacity and a 
charge-and-discharge cycle property that the total quantity of Y and Z is less than 0.02 and ], it will become easy to 
generate impurity phases other than a spinel phase, and service capacity will decrease. Therefore, as for the total 
quantity of Y and Z, it is desirable the range of 0.03-0.3 and that it is especially the range of 0.05-0.15. In the 
atomic ratio of Y and Z, to it of Z, the improvement effect of service capacity has few atomic numbers of Y as it is 
excessive, and on the other hand, the atomic number of the improvement effect of a charge-and-discharge cycle 
property of Y decreases as too little to it of Z. therefore, the atomic ratio of Y and Z — 8(Y): — 2 (Z) - 3(Y): — the 
range of 7 (Z) — especially — 7(Y): — 3 (Z) - 4(Y): — it is desirable that it is the range of 6 (Z) 
[0009] if a desirable spinel type Li-Mn system multiple oxide is illustrated — Li(MnL90nickel0.08germamum0.02) 
04, Li(Mnl.90nickel0.06germanium0.04) 04, and Li (Mnl.90nickelO.05germaniumO.05) - 04, Li 
(Mnl.92nickel0.06germanium0.02) 04, and Li(Mnl.92nickel0.05germanium0.03) 04 etc. - it is . 
[0010] Generally, the spinel type Li-Mn system multiple oxide shown by the general formula (1) can mix elements 
other than the oxygen which constitutes it, i.e., the oxide of Li, Mn, nickel, and germanium, a hydroxide, a 
carbonate, a nitrate, etc. so that the atomic ratio of each element may serve as a rate shown by (1) formula, and it 
can manufacture them by carrying out heating baking of the obtained mixture at 500-1000 degrees C in the 
atmosphere for 1-50 hours. For example, it is Li2 C03 considering electrolysis Mn02 (EMD) as a Li raw material 
as a Mn raw material. Considering LiOH-H2 O as a nickel raw material, it is nickel (OH)2. Moreover, using GeO 
respectively as a germanium raw material, subsequently, it can mix by the quantitative ratio of a request of those 
raw materials, and can manufacture by carrying out heating baking of the obtained mixture before and after 750 
degrees C for about 15 hours. Moreover, LiA Mn 204 of the conventional common knowledge It can manufacture 
also by carrying out heating baking of the mixture of the multiple oxide which replaced a part of Mn only with 
nickel, and germanium raw materials, such as GeO, at 500-1000 degrees C in the atmosphere for 1 to 50 hours. 
[001 1] Even if the positive active material of this invention consists of a kind of the spinel type Li-Mn system 
multiple oxide shown by the general formula (1), or two sorts or more. It is good and you may use together with 
small quantity (for example, per [ 0.1 ] spinel type Li-Mn system multiple-oxide 100 weight section - 10 weight 
sections grade which are shown by the general formula (1)), such as various kinds of Li-Mn system multiple oxides 
other than the spinel type Li-Mn system multiple oxide shown by other positive active materials (1), for example, a 
general formula, if needed, and a Li-Co system multiple oxide. 

[0012] The positive active material of this invention can use the conventional Li-Mn system multiple oxide by the 
same method as the method learned for fields made into a positive active material, such as a nonaqueous electrolyte 
lithium secondary battery and a solid electrolyte lithium secondary battery, from the former. Below, the example of 
some of the typical or desirable practical use method is explained. 

[0013] As a binder of a positive active material, polytetrafluoroethylene, poly vinylidene fluoride, polyethylene, and 
ethylene-propylene-diene system polymer etc. is illustrated, and various conductive graphites, conductive carbon 
black, etc. are illustrated as an electric conduction agent. 

[0014] The amount of the positive active material used is per [ 80 ] total quantity 100 weight section of a positive 
active material, a binder, and an electric conduction agent - 95 weight sections grade, and the amount of the binder 
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used is per [ 1 ] positive-active-material 100 weight section - 10 weight sections grade, and the amount of the 
electric conduction agent used is per [ 3 ] positive-active-material 100 weight section - 15 weight sections grade. 
[0015] A positive-electrode sheet applies the mixed constituent which becomes one side or both sides of a positive- 
electrode charge collector from a positive active material, a binder, and an electric conduction agent, fully, after 
dryness, it can roll out and form and what has an about 50-200-micrometer positive-active-material layer especially 
about 20-500 micrometers in thickness to one side or both sides is illustrated. 

[0016] When an example desirable as a negative-electrode active material shared with the positive active material 
of this invention is given, it is graphites, such as a various kinds of natural-graphites and artificial graphites, for 
example, fibrous graphite, and scale-like graphite and a nodular graphite, and is polytetrafluoroethylene, poly 
vinylidene fluoride, polyethylene, and ethylene-propylene-diene system polymer etc. as the binder. The amount of 
the negative-electrode active material used is per [ 80 ] total quantity 100 weight section - 96 weight sections grade 
of a negative-electrode active material and a binder. 

[0017] Especially especially as a positive-electrode charge collector, an about 30-150-micrometer expanded metal 
etc. is desirable about 25-300 micrometers in about 15-50-micrometer a foil and a fenestrate foil, and thickness 
about 10-100 micrometers in thickness of conductive metals, such as aluminum, an aluminium alloy, and titanium. 
Especially especially as a negative-electrode charge collector, an about 25-100-micrometer expanded metal etc. is 
desirable about 20-300 micrometers in about 8-50-micrometer a foil and a fenestrate foil, and thickness about 5-100 
micrometers in thickness of conductive metals, such as copper, nickel, silver, and SUS. 

[0018] As nonaqueous electrolyte, the electrolytic solution which dissolved salts in the organic solvent is illustrated. 
As these salts, LiC104, LiBF4, LiPF6, LiAsF6, LiAlCW, Li(CF3 S02)2 N, etc. are illustrated, and those kinds or 
two sorts or more of mixture is used. 

[0019] As an organic solvent, ethylene carbonate, propylene carbonate, dimethyl carbonate, diethyl carbonate, ethyl 
methyl carbonate, dimethyl sulfoxide, a sulfolane, gamma-butyrolactone, 1, 2 -dimethoxy ethane, N.N- 
dimethylformamide, a tetrahydrofuran, 1, 3-dioxolane, 2-methyl tetrahydrofuran, diethylether, etc. are illustrated, 
and those kinds or two sorts or more of mixture is used. Moreover, 1. is suitable for the concentration of the above- 
mentioned salts in the electrolytic solution in about 0.1-3 mols A 

[Translation done.] 
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EXAMPLE 



[Example] Hereafter, while an example explains this invention to a detail further, the example of comparison is also 
given and the remarkable effect of this invention is shown. %, the section and a certain **, and all mean weight % 
and the weight section below, 

[0021] It is electrolysis Mn02 as an example lMn raw material. It is Li2 C03 as 78.2% and a Li raw material. 
17.45%, It is nickel (OH)2 as a nickel raw material. 0.84%, subsequently often mix those raw materials, using GeO 
as 3.51% and a germanium raw material, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground, respectively. Li(Mnl.90nickel0.08germanium0.02) 04 The positive active 
material of the impalpable powder which consists of a spinel type Li-Mn system multiple oxide which has a 
chemical formula was obtained. 

[0022] It is electrolysis Mn02 as an example 2Mn raw material. It is Li2 C03 as 78.2% and a Li raw material. 
17.49%, It is nickel (OH)2 as a nickel raw material. 1.68%, subsequently often mix those raw materials, using GeO 
as 2.63% and a germanium raw material, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground, respectively. Li(Mnl .90nickel0.06germanium0.04) 04 The positive active 
material of the impalpable powder which consists of a spinel type Li-Mn system multiple oxide which has a 
chemical formula was obtained. 

[0023] It is electrolysis Mn02 as an example 3Mn raw material. It is Li2 C03 as 78.22% and a Li raw material. 
17.49%, It is nickel (OH)2 as a nickel raw material. 2.1%, subsequently often mix those raw materials, using GeO 
as 2.19% and a germanium raw material, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground, respectively. Li(Mnl.90nickel0.05germanium0.05) 04 The positive active 
material of the impalpable powder which consists of a spinel type Li-Mn system multiple oxide which has a 
chemical formula was obtained. 

[0024] It is electrolysis Mn02 as an example of comparison lMn raw material. It is Li2 C03 as 78.14% and a Li 
raw material. 17.47%, Moreover, it is nickel (OH)2 as a nickel raw material. Use 4.39%, respectively and 
subsequently often mix those raw materials, and at about 750 degrees C, calcinate the obtained mixture for about 15 
hours, and, subsequently it is ground. Li(Mnl.90nickel0.1) 04 The positive active material of the impalpable 
powder which consists of a spinel type Li-Mn system multiple oxide was obtained. 

[0025] Each positive active material (particle to which all passed the Tyler screen of 330 meshes) of examples 1-3 
and the example 1 of comparison was used, the positive-active-material 92 section, the acetylene black 3 section, 
the polyvinylidene-fluoride 5 section, and the N-methyl-2-pyrrolidone 70 section were mixed, and it considered as 
the slurry. This slurry is applied on an aluminum foil, and it dries, and is 20 mg/cm2. The positive-electrode sheet 
which has a positive active material was produced. Adhesion opposite of each positive-electrode sheet and Li foil 
which were obtained in this way is carried out through porosity polyethylene separator, and it is one mol [ per 11. 
(mixture a product ratio 1:1) of mixed solvents ] LiPF6 of ethylene carbonate and ethyl methyl carbonate. The 
solution which comes to dissolve was used as the electrolytic solution, this was sunk in between the above- 
mentioned positive-electrode sheet and Li foil, and the sealing coin type lithium secondary battery was produced. 
[0026] The charge-and-discharge cycle examination was performed in the test method shown below about each 
lithium secondary battery. The result is shown in drawing 1 . In drawing 1 , 1-3 are the properties of each lithium 
secondary battery which used each positive active material of examples 1-3, respectively, and 4 is the property of 
the lithium secondary battery which used the positive active material of the example 1 of comparison. 
[0027] Charge-and-discharge cycle test method: Set at 20 degrees C and it is 2 an area of 1cm of a positive- 
electrode sheet. It charges for 5 hours under the constant current and the constant voltage of 4.3V of 1mA of hits, 
and, subsequently is 2 an area of 1cm of a positive-electrode sheet. It is made to discharge until terminal voltage is 
set to 3 V under the constant current of 0.5mA of hits, and charge and discharge are stopped after this for 1 hour. 
They are repeated 20 times, using the above charge and discharge and a pause as 1 cycle. The service capacity in 
each cycle computes quantity of electricity (mA-H) from a discharge current value and a charging time value, and 
obtains service capacity (mA-H/g) from the weight (g) of the positive active material contained in the lithium 
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secondary battery. 

[0028] As for drawing 1 , which lithium secondary battery which used each positive active material of examples 1-3 
shows maintaining big service capacity in 20 times of charge-and-discharge cycles as contrasted with the lithium 
secondary battery which used the positive active material of the example 1 of comparison. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows the charge-and-discharge cycle property of each lithium secondary battery 
which used each positive active material of the examples 1 -3 of this invention, and the example 1 of comparison. 
[Description of Notations] 

1 It is the property of the lithium secondary battery which used the positive active material of an example 1 . 

2 It is the property of the lithium secondary battery which used the positive active material of an example 2. 

3 It is the property of the lithium secondary battery which used the positive active material of an example 3. 

4 It is the property of the lithium secondary battery which used the positive active material of the example 1 of 
comparison. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1 ] 
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[Translation done.] 
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